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INTRODUCTION 
ROGER E. LEVIEN, a ANDRZEJ P.  WIERZBICKI, b AND BRIAN ARTHUR c 
IIASA, an interdisciplinary and international (but nongovernmental) research organiza- 
tion, was founded in October 1972 by the academies of sciences or equivalent scientific 
organizations of 12 nations, both East and West. Its goal is to bring together scientists of 
many nationalities and disciplines to work jointly on problems facing either the world as 
a whole or many nations in common, especially those problems resulting from scientific, 
technological, demographic, social and economic development. The Institute currently 
has 17 member organizations ( ee Table 1). 
The basic goal of the Institute is further specified by its broad objectives: 
• To increase international collaboration, particularly by bringing together scientific 
approaches emerging from different cultural backgrounds; 
• To contribute to the advancement of scientific methods and systems analysis; 
• To achieve application to problems of international importance, either universal, 
common to many nations, or global, important o the entire world; in particular, 
problems that require joint resolution because of the interdependence or possible 
conflicts among many nations. 
Through its first nine years, the Institute has striven to achieve these objectives. 
The first objective, international cooperation, is actually a prerequisite for the other 
objectives, and the Institute was able relatively quickly to achieve significant success in 
promoting detached and rigorous scientific work on problems of international im- 
portance by teams of scientists from quite different cultural backgrounds. In the papers 
contained in this issue, this aspect of IIASA work is represented, for example, by work 
in stochastic optimization applied to facility location modelling, done by scientists from 
Italy and the USSR; and by economic work on computable quilibrium models, done by 
scientists from Hungary and Sweden, examining both the planned and the market 
economy interpretations. 
The second objective, advancement o[ science and systems analysis, particularly in its 
interdisciplinary aspects, has taken a longer time to be achieved. (It is much easier to 
bring together specialists from different nations than from different disciplines.) 
However, all of the papers presented in this issue have interdisciplinary aspects. 
The third objective, application to problems o[ international importance, has proven 
to be the most difficult to achieve. Yet IIASA recently completed a major Energy 
Systems Program that analyzed from a global perspective the options open to mankind 
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Table 1. National member organizations of IIASA, 1982. 
The Academy of Sciences of the USSR 
The Canadian Committee for IIASA 
The Committee for the IIASA of the Czechoslovak 
Socialist Republic 
The French Association for the Development of
Systems Analysis 
The Academy of Sciences of the German 
Democratic Republic 
The Japan Committee for IIASA 
The Max Planck Society for the Advancement of
Sciences, Federal Republic of Germany 
The National Committee for Applied Systems 
Analysis and Management, Bulgaria 
The National Academy of Sciences, United States 
of America 
The National Research Council, Italy 
The Polish Academy of Sciences 
The Royal Society, United Kingdom 
The Austrian Academy of Sciences 
The Hungarian Committee for Applied Systems 
Analysis 
The Swedish Committee for the IIASA 
The Finnish Committee for IIASA 
The Foundation IIASA-Netherlands 
in satisfying energy needs for the next 50 years. The results of this extensive study are 
not presented in this issue, being available elsewhere.* Another problem of international 
impor tance- - food  production and distribution to meet global needsmis  addressed in 
I IASA's  Food and Agriculture Program, and a paper in this issue illustrates the 
questions that arise when trying to model and link national food production and 
distribution systems. In addition to these two global problems, I IASA's  research pro- 
gram has addressed a large number of other issues of international significance; in 1982 
the research program of I IASA is organized as follows: 
• Energy Systems Group 
• Food and Agriculture Program 
• Resources and Environment Area 
• Human Settlements and Services Area 
• Management and Technology Area 
• System and Decision Sciences Area 
• Regional Development Group 
• General Research Group (including questions of industrial development and the 
craft of systems analysis). 
In each of these units, mathematical modelling is used as one of the important ools of 
analysis. Mathematical models serve various purposes in I IASA research: 
(1) They serve as a description of selected aspects of complex reality; as a tool for 
theory building. 
(2) They are also used in the prescriptive sense, by using classical optimization 
* See W. Hafele, ed., Energy in a Finite World, IIASA-Ballinger Publishing Company, Cambridge, MA 
(1981). 
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techniques to show what should be done in a specific situation. However, 
optimization is now used at IIASA for the following less conventional purposes: 
• Models serve as a tool for policy testing and policy analysis, in which some 
optimizing behavior of the several actors can be taken into account, but the issues 
of incomplete information and uncertainty are of basic importance. 
• Models are used to assist in organizing complexity and assuring consistency of 
analysis; optimization then serves, not prescriptively, but as a tool for consistently 
linking various submodels. (This is the way optimization was used in the Energy 
Program; to spell out an energy supply scenario consistent with energy demand.) 
• Models are used as planning tools; however, this planning is not a prescriptive 
exercise, but rather the generation of efficient alternatives from among which one will 
be selected by less formal choice processes. (See the paper on "A Mathematical Basis 
for Satisficing Decision Making" by Andrzej Wierzbicki n this issue.) 
These various modes of use do not exhaust he potential role of models. IIASA is also 
paying increasing attention to using models as a tool for studying process dynamics; in 
particular to understand adaptivity, stability, and resilience as systems properties. 
Another emerging issue is the use of models to study the procedures for resolution of 
conflicts among various actors or objectives. 
The experience of its first decade has taught IIASA several essons concerning the 
use of mathematical models. 
The first lesson is that models must be built to serve a definite purpose. Without a 
proper initial conceptualization f this purpose and its implications for the process of 
model building and use, modelling becomes a barren intellectual exercise. For example, a
common misconception is that a general purpose forecasting model can be built and then 
be used for a wide range of policy analyses. Although a forecasting model might be used 
to study the impacts of slight changes in traditional policies, any larger policy change is 
likely to invalidate the assumptions under which the forecasting model was built. For 
wide ranging policy analyses, models should usually be less detailed than the forecasting 
type, and should concentrate on a good representation f the possible uncertainties 
about he future, rather than concentrating onthe best possible ferecast of that uncertain 
future. 
The second lesson is that models are hypotheses about reality, and should be treated 
as such. A hypothesis cannot be proven, only disproved by a test or accepted by 
consensus if various tests fail to disprove it. Thus, tests for model invalidation should be 
a standard part of any model-building process; the nature of the tests depending on the 
modelling purpose. A model validation process consists of a series of tests and can never 
be fully finished, only ended by a consensus. Too often, modellers do not fully 
understand this principle and assign too much credence to their models, failing to 
provide for and document invalidation tests, or do not use tests consistent with the 
modelling purpose. 
The third lesson is that computerized mathematical models, in the same way as other 
scientific hypotheses or theories, should be subject to critical review--including their 
consistency with their purpose, the credibility of the data used, mathematical modelling 
methodology used, and other aspects. 
These lessons indicate that modelling is still a craft that must be learned by doing and 
following good examples, even though it has many of the elements of the more rigorous 
sciences. The knowledge of various tools from applied mathematics, of what can and 
what cannot be done in computerized modelling, of what types of tools should be used 
when addressing iven modelling issues, is by no means complete yet. IIASA has 
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contributed to the development of this knowledge, mostly through the work of its 
System and Decision Sciences Area, which has concentrated on the development in a 
real problem environment, of techniques uch as nondifferentiable and stochastic opti- 
mization, multiattribute decision theory and interactive decision support systems, game 
theoretical approaches to public goods allocation and the general methodology of 
economic modelling. 
Some results of this work are illustrated in this issue by the paper on "A Mathemati- 
cal Basis for Satisficing Decision Making" by Andrzej Wierzbicki. The paper addresses 
the question of how to build a rigorous bridge between two distinct raditions in decision 
theory: utility optimization and satisficing. This leads to a new way of interpreting 
optimization techniques: instead of being used to obtain normative solutions, they can be 
employed interactively to produce efficient solutions in response to a user's stated 
aspiration levels. These solutions become alternative fficient plans for consideration i
a planning process. 
Another paper in this basic research category, a result of cooperation between the 
System and Decision Sciences and Human Settlements and Services Areas, is "Some 
Proposals for Stochastic Facility Location Models," by Yuri Ermoliev and Giorgio 
Leonardi. Facility location models are usually formulated in a deterministic framework, 
although such phenomena s demand for facilities (schools, hospitals) and the trip 
patterns of the customers are clearly stochastic. The authors show that these stochastic 
aspects can be consistently modelled and optimized, using a stochastic nondifferentiable 
optimization technique. 
The methodology of economic modelling is represented by two papers, both address- 
ing computable general equilibrium models. This class of nonlinear equilibrium models 
has found application only recently, after the difficulties related to finding their numeri- 
cal solutions had been overcome. (At IIASA we did not overcome this difficulty by 
applying general fixed-point algorithms, which are theoretically very powerful but not 
quite efficient in practice, but we used rather specific model-oriented algorithms of 
decomposition and coordination of a quasi-Newton type.) The paper, "A System of 
Computable General Equilibrium Models of a Small Open Economy," by Lars Bergman 
presents two variants of models of this class describing a small national market economy 
facing changes in world market conditions: one is an instantaneous equilibrium model, in 
which the endowments of capital and labor can be reallocated very quickly following 
world market changes, and the other, more realistic, is a dynamic model, in which a 
distinction between short run equilibria and long run equilibria is made. The models have 
been used for analysis of the impacts of energy cost increases in Sweden. The other 
paper, "Computable General Equilibrium Models: An Optimal Planning Perspective," by 
Ern6 Zalai provides, from a Hungarian perspective, an interpretation and possible 
adaptation of computable quilibrium models for central planning purposes. 
The next paper, "The Basic Linked System of the Food and Agriculture Program," by 
Gfinther Fischer and Klaus Frohberg (from the Food and Agriculture Program) des- 
cribes other aspects of economic modelling, though also of general equilibrium type, but 
with the emphasis on viewing the world system of demand and supply of food as a 
closed entity in which the agricultural policies of all countries are interdependent. 
National agricultural policies can either be analyzed as exogenous decision variables or 
simulated descriptively, as a process of policy implementation i  response to the 
changing economic situation. The national models form a system linked through a model 
of international trade. 
The last two papers are related to environmental modelling and come from the Resources 
and Environment Area. The paper, "Identifying Models of Environmental Systems' 
Behavior," by M. B. Beck turns back, on the basis on some examples of ecologic 
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modelling, to methodological questions of model building and identification. The author 
stresses the basic point that a model is actually an hypothesis and proposes recursive model 
parameter estimation algorithms as an aid in identifying model structure. The paper, 
"Modelling a Complex Environmental System: The Lake Balaton Study," by Laszlo 
Somly6dy illustrates ome of the points made by Beck and presents a decomposition 
approach to modelling complex eutrophication issues in a big lake. Smaller, tractable 
models form a basis for a hierarchical system of models: in a higher startum, a realistic but 
yet simple model is obtained by aggregating essential features of a number of lower stratum 
models. The aggregated, simpler model is used for analyzing water quality management 
strategies. 
This short selection of seven papers by no means represents the entire research 
program nor even the full variety of mathematical modelling applications at IIASA. They 
have been selected either for their methodological or their applicational relevance to the 
craft of mathematical modelling. Other modes of scientific enquiry are also strongly 
represented in IIASA. Empirical data analysis and qualitative conceptual analysis are 
needed for the examination of social or even political factors that are not easily 
represented in mathematical models. For poorly defined issues, any attempt o build 
models must be preceded by exploratory and comparative studies. Often, exploration 
and conceptual analysis lead to new, challenging questions in modelling methodology. 
Some of the emerging questions are, for example: How can interactions among groups in 
negotiations be modelled? How can the equity and efficiency of various policies (as 
opposed to decisions) under uncertainty be compared in a mathematical modelling 
framework? What results from modelling adaptive and learning processes in biology and 
control sciences can be adapted to socioeconomic modelling? These and other questions 
will define new, challenging directions for the further development of IIASA's research 
program and its contributions to the craft of mathematical modelling. 
